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ABSTRACT 
Two ty-pes of reactions were used to study the effect of 
substituents (CH3, OCH3 ) on the condensation of 5(6) ~substi­
t1Jted benzofurazan 1-oxides C1) with {methyl thio ) -2-·propanone 
(BFO Reaction, A), and 4- substituted o-quinone dioximes (2) 
- l'1../ 
vrith pyru.vald~hyde (OQD Reaction, B). The nitrogen atom is 
an electrophile in reaction A and nucleophile in reaction B .. 
ro:· ~N\ R · , 0 ~ ---~1 
~ o-
R-
l l 
E3 R 
3 
Thus, the same substittient is expected and does favor the 
formation of opposite ratios o.f 6: '7 j_someric substituted 
qu.inoxal ine hydroxamic acid esters .(3). The ratios were de .. -
·"1..-r 
terrnined from nmr spectra of these esters where the chemical 
shifts o:f the H-·5 and H-8 protons, unlike their counterparts 
.in quinoxaline I, Li- dioxides, are assignable. 'I~he results 
are j_nterpreted by assuming that benzofurazan 1-oxides react 
in their o-·dini troso tautomeric forms. 
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INTRODUCTION 
The study of the chemi~try and the biological activity 
of quinoxaline 1,4-dioxides began with the examination of 
biologically active heterocyclic N-oxides in general. Io-
dinin (;J_), a phenazine 5,10-dioxide which was isolated from 
Chr omobacterium iodinum, was found to have antibact erial ac-
tivity against some pathogenic bacteria including Streptococ-
~ haemolyticus and Corynebacterium diptheriae in concentra-
tions of less than 1pg/ml.1,2,3 Another antibiotic, asper-
gil lic acid (6-sec-butyl-1-hydroxy-3-isobutyl-2(1H)pyrazi-
none ) (~), was isolated from the mold Aspergillus flavus, and 
was found to have in vitro activity against a number of bac-
teria.4,5,6 Myxin, 6-methoxy-1-phenazinol 5,10-dioxide (3), 
I"'/ 
an antibiotic originally isolated from a Sporangium mold,7,8 
has been complexed with copper to yield an antomicrobial 
agent that has a high degree of therapeutic acitivty against 
gram-positive and gram-negative bacteria, yeasts, etc.9 More 
r ecent ly an antibiotic 'isolated from Streptomyces ambofaciens 
was identified as 6-chloroquinoxaline 1,4-dioxide-2-carboxy-
lic acid (4). This compound also has a wide range of anti-
"'-" 
bacterial activity.10 
o- OH CH OH 
~X) 2 5 I PH N:XO CH3 I . 
+,..,..-:: ~ lCN~ CH 2CHCCH:J2 N 
I 
OH o- 1 2 A/ /\--' 
Historically, quinoxaline 1 ,·4~dioxides were prepar ed as 
potential antagonists to vitamin K (5). HcwBver~ this antag-
1"3.d 
onisrn has never been demonstrated, and moreover, theiI"' mode 
of action is now believed to be related to their ability to 
inhibit DNA synthesis either directly or indirectly!l 1,1 ~12. 
0 
JI 
11 
0 
A number of qui.noxali.ne 1 ,Lt~dioxides have been synthe~ 
sized and tested for antibacterial activity.. Among these 
are 2-rnethyl and 2-arnyl-:-:-3-methylqufnoxaline 1 ~ lt-~dioxide, 
vir:-ich in.hibi ted the growth _of ~ haemolyticus and C .. 
. s!.~ther.i _ae13, and were active in vivo against psittacosis 
and lymphogranuloma virusese11 However, toxic side effects 
including muscle spasms and dermatoses were noted in man~ 
and as a result the work was abandoned& 14 
3 
Difficulties encountered in earlier methods of pre-
paration of quinoxaline 1,4-dioxides account for the rela-
tively small number of analogs tested for biological activ-
ity. Such methods involve various peracid oxidations of 
parent quinoxalines to the corresponding 1,4-dioxides. How-
ever, the introduction in 1965 of an elegant one~ step syn-
thesis o.f these compounds,15,16 rejuvenated the search for 
suitable candidates resulting in the successful introduc-
tion into veterinary medicine of Carbadox, methyl-3-(2-quin-
oxalinyl methylene) carbazate 1 , 4-dioxide (.,~), a growth pro-
moter in swine and poultry, and a highly effective agent in 
swine dysentery.17-19 
o-
1 
+)CH = N - N H~OCH.3 
0 
+.........: 
N 
I 
o-
h., 
The above synthesis involves the condensation of ena-
mines or enolates with benzofurazan 1-oxides (BFO's), (7), 
"' 
furnishing qui.noxaline 1,4-dioxides (8), in yields ranging 
rJ 
from 50 to 60%. The general Gharactet of this method 
has allowed the preparation of a large number of quinoxaline 
1, 4-dioxides20 and phenazine 5,10-diaxides21. The method is 
especially useful for the preparation of 2,3- substituted 
compounds where such substituents inhibit and/or retard the 
4 
peracid oxidation of the parent quinoxaline. 
o-
RI 
I 
:;; N I +):R, -cH R + I ) R 
N C=O +/"': 
I I N R2 
o- R2 I o-
8 
/\../ 
Another, but inferior, method for the preparation of 
quinoxaline 1,4~dioxides was recently reported.22 It in-
volves the condensation of Q_-quinone dioxime (OQD) ~) with 
o(-hydroxy and o(.-keto ketones. On the other hanq, conderisa-
tion of OQD withv(-keto aldehydes furnishes 1-hydroxyquin-
oxaline-2-one-4-oxides (10) in good yields. 
O~NOH ~NOH 
R1CCH 11 II 
00 ) 
?-
~xi ~~ R 
' o- 2 
OH 
(X~y Nh 
I 
. o-
~ 
The proposed mechanism for the condfnsation of BFO 
with enamines involves initial nucleophilic attack by the 
carbanion on either N-1 or N-3 (Figure 1)e 
Figure 1. Proposed Mechanism for the Condensation of Enamines with BFO 
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Attack on N-1 furnishes intermediate 11 which undergoes ring opening to form 12. Cy-
.. ____.. ..... ,,..._-9 
clization of 12 followed by a 1,2-amine elimination of the resulting dihydroquinoxaline 
~ 
1,4-dioxide 13, gives the product (14). Similarly, initial attack at N-3 and subsequent 
~ .....-c,...; 
ring opening of intermediate lla forms 12a; which is a tautomer of 12. 
,,...,, ~ ~ 
(J1 
6 
Support for this mechanism was provided by the isola-
tion and characterization of a 2,3-dihydroqui.noxaline 1,4-
dioxide derivative (16) from the reaction of BFO with N, 
/V 
N-dimethylisobutenylamine (~) in which the final elimina-
tion of the amine cannot take place. 23 
O:~> + 
I 
o-
7 
""' 
C~3 CH3 
'c/ 
fl (CH
3
)
2
N CH 
15 
/\-/ 
) 
This demonstrates t hat 2,3-dihydroquinoxaline 1,4-dioxides 
are probable intermediates in the reaction of BFO and 
enamines .. 
According to the mechanism pr~sented in Figure 1 only 
one quinoxaline 1,4-dioxide is possible when BFO is con-
densed with a carbonyl compound wpich, under the reaction 
conditions, forms one enol. This is not the case,however, 
in the 5(6)-substituted -BFO's,where two isomeric compounds 
can .possibly be formed. These are the 6-and 7-substituted 
quinoxaline 1,4-dioxides resulting from initial attack at 
either N-1 or N-3, represented by structures 17 and 18 
"' ~ 
respectively (Figure 2). 
R 
R 
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Formation- of 6~ and . 7-Quinoxaline 
7 
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' ~~RI 
N~R 
18 I 2 
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1,4-Dioxides 
A low-temperature nmr study of BFO he.lped explain the 
above prediction~ This study established the structure of 
BFO to be a rapidly equilibrating system between two tauto-
mers ~ and h_9 with Q-dini trosobenzene ( 'J;!) as a plausib~e 
intermediate.24...:.27 The activation energy for the equili-
bration has been estimated to be about 15 kcal./mole.28 
The tautomerism of a number of 5(6)-substituted BFO's has 
been studied by low-temperature. nmr by Boulton et al. 29 
Although a first supposition would be that both electron 
donor and electron acceptor groups would show a preference 
for conjugation with the N-oxide group rather than with the 
other nitrogen atom, this is not the general rule. Boulton's 
data indicate either that conjugative infiuences of the 
substituents are small, or that opposing influences are 
fairly evenly balanced. The stability of one tautomer over 
the other was also indicated and the findings are summa-
rized i n Figure 3. 
R NO~ ~-t\ 
0 R 
19 
rv 
7~ is more stable than _Lb when R = OCH3, Cl, Br 
7~b i s more stable than z._a when R = N02 , co2R t a and l? are of equal stability when R = ctt3 
Figure 3. Stability of 5(6)-Substituted BFO's 
I 
o-
8 
The r~sults showed · _ that 5(6)-methyl BFO exists in 
equal proportions between the 5- and the 6--methyl isomers, 
which demonstrates t hat the methyl group has no stabilizing 
effect on either isomeric form. In contrast, 5(6)- carboxy 
BFO exists in a 7 to 3 ratio of the 6-carboxy (:lE, 
R = co2H) to the 5-carboxy (~, R = co2H) isom_er. In this 
case the substituent effect can be explained by stabiliza-
tion through conjugation of the carboxy group in the 6-posi-
tion with the N-oxide (20). 
-°' 
- C-
l 
OH 
,,,.,., 
20 
/V 
, 
9 
A study of 5(6)-methoxy BFO ~hewed a totally opposite 
pattern ; the 5~methoxy isomer (?g, . R = OCH3 ) predominated 
over the 6-methoxy isomer (?I:,, R = OCH3 ) by a ratio of 2 to 
1c Apparently the resonance structure (21) that can be 
. I"'\.# 
written for the 6-methoxy isomer is not an important contri-
butor" 
The authors cite . two possible explanations for the prepon-
derance of the 5~methoxy isomer~ First, the resonance 
form may be unfavored because of its accumulation of el·ec-
tron lone pairs in the N-oxide (N-1) r~gion, and second, 
dipolar repulsion between the N-oxide and the methoxy 
group may play an important role in deciding t he pref erred 
structure " 
Reports on the presence of isomeric products from the 
reactions of 5(6)~substituted BFO's with various nucleo-
philes have been contradictory. Mason and Tennant iso-
lated only the 7-substituted quinoxaline 1,4-dioxide when 
BFO Ys <iv R = OCH3 , Cl, Br) were condensed wi~h benzoyl~ 
acetonitrile (~"30 Structure proof of the products CW 
depended upon their conversion to known compounds (~. 
~N\ 
0CCH2 CN R 0 + ~+/ II ~ 0 
L 
Q_-
22 
""" 
o-
I 
R ~xCN 
+~ 
~ 91 
o-
~ 
H 
) 
) 
24 
/V 
H 
I 
10 
f ~ . 
N· ¢ 
On the other hand, Haddadin et al, using wide range melting 
point criteria, reported the formation of a mixture of iso-
mers (26 and 27) when the 5.(6 )~substituted BFO i" s (7, R = 
"'-" ~ -~ . , · .. /V 
CH3, OCH3, Cl) were condensed with dibenzoylmethane (~). 31 
R + eJCCH2C~ II II 
0 0 
25 
/\,../ 
o- 0 
I II 
+yc'-0 
~~¢ + 
o-
R 
27 
......-t. 
) 
Mufar rij et a13.2 l i k ewise reported on the i sol ation of 
isomeric p roducts (~ and ~.V from t he reaction of 5 (6) -
trifluoromethyl BFO <z ~ R = CF3 ) with 2 , 4- p entanedione 
( 28) (9 
/"--" 
CF3 + CH 3 C CH2 C CH3 It II 
0 0 
7 28 
.... ~ ,.,_ 
o-
0 o- 0 I 
c~ N II +x"cH3 + 
+ .........:: c~ N H3 . I 
o~ 
29 
/\__/ 
30 
,.....-z._..., 
1 1 
~ 
In the same paper the authors also reported the formation · 
- -
of a s i ngle p r oduct (~.g) wh.en 5 ( 6 )-chloro BFO (:z_, R = Cl) 
was r eact ed with 1- ( 4-m6rpholino) ~phenyl ethylene .. ( 31 ) . 
. ........,_,.. 
Cl + 0 
I 
7 1C=CH2 ~ 0 
Cl 
32 
J"'1.., 
o-
I 
~r 
+.......::; 
I 
o-
Recentl y Dur ckheimer repor ted t he f or mation of isomers 
f rom the reaction of 5 ( 6) - substitu ted BFO 's with/3- keto 
acid e s ters . 33 Wh1 l e h €:, c onfirmed the f i ndings of Mason 
and Tenn ant on 5- methoxy BFO, he r e.ported the fo r mation of . 
6-and 7-chloro quinoxaline 1,4- dioxides when 5-chloro BFO 
was u s ed. 
12 
In ~he present work a rigorous study of isomer forma-
tion was made in which the electronic effects of a 5(6)-
substi tuent (R = OCH3 , CH3 ) on the course of the reaction 
of BFO with (methylthio)-2-propanone was examined, and the 
isomer ratios were determined by examining nrnr spectra of 
suitable derivatives where first order analysis is possi-
ble. 
The aromatic region in the nrnr spectrum of a 2,3-
dialkyl-6(7)-substututed quinoxaline 1,4-dioxide consists 
of two one-proton doublets with ortho and meta spin-spin 
coupling constants both coupled to a third proton appearing 
as a quartet. The two doublets arise from H-5 and H-8 reso-
nances but chemical shift assignments of these protons is 
not possible since the position of the substituent at either 
C-6 or C-7 affects both the chemical shift as well as the 
coupl ing constants of these two protons. If substutution 
is at C-6 then H-5 will appear as a doublet meta coupled to 
H-7 while H-8 will appear as a doublet with ortho coupling 
to H-7. Should the substituent be at C-7, following the 
above rationalization, assignments to H-5 and H-8 should be 
interchanged and the full structure determination of the 
compound by nrnr spectral analysis becomes very difficult. 
(Figure 4) 
} 
} 
13 
A.-romatic Region of the Nmr Spec·trum of 
6.(7)-Methoxy-3-Metbyl~2-(Methylthio)Quin­
oxaline 1,4- Dioxide 
Figure 4 
Determination of the position of the . substituent at 
-either C-6 or C-7 becomes possible by nmr spectroscopy .if 
a selective modification in the chemical environment of 
·either H-5 or H-8 can be .. made resulting in predictable 
chemical '\9hift changes of these protons"' Such a modifica-
tion has been acco.rnpiished on 2-cyano--6(7)~methoxy~3~phenyl~ 
qui.noxaline 1 , 4~dioxide ·c 33 ) by c onver t ing it t o 1-hydroxy-
- /'\/ 
6( 7 )-methoxy-3~phenylquinoxaline-2~one-4~oxide (34 ) e30 
-~· 
OH 
I ;x: 
I ¢ 
o-
34 
,I'\/ 
In this product H-5 is still eJ<..rperiencing the deshield--
ing effect of the 4-oxide function while H--8 experiences an 
upfield shift resulting from the conversion of the 1-oxide 
group to a hydroxy function. However, the presence of the 
phenyl group at C-3 is expected to complicate the aromatj.c 
region~ This problem is solved by working with 3-methyl 
substituted quj_noxaline 1 , Lt--dioxides. Thus, the conversion 
of 2-methyl-3-(methylthio}~6(7)~substituted quinoxaline : 1,. 
4~dioxides_· C,;?): to the corresporiding . hydroxamic .acids · (JEj 
provides compounds whose nmr spectra are amenable to first 
order analysis. 
35 
,/'v' 
OH 
I 
~N~o 
R-i- 11 r 
. ~~ ~A. + ./_.,.;' J .. ~- ""·!\} / "CH_ 
l .:) 
o-a; R = 0CH3 
b: R = CH~ 
. ,::) 36 
/v 
Assessment of the substituent effects on the course of 
the BFO reaction is made by examining a related r) '' reactionL.c: 
wh:Lch invol ves the condensation of 1+-substi tuted o-benzo-
quinone dioxi.mes (37) ·with pyruvaldehyde (OQD reaction) to 
/'"L--· 
r:;j_.ve th 0 corY'P c·u ond "i n P' ,n, ·Fri Y'Ox .... ami· c a c -i r-i s ( F· i' .0' 1J.i' 0 r:;)_ o t .i. ~ ·-J 1 ··- ,_ __ ·o ~,J'-A~ "' -1- - '--'- o ' -- ·'-' -" • 
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Figure 5. Formation o.f 6- and 7-Substituted 
1-Hydroxy-3-Methylquinoxaline-4--0xides 
These two reactions are labelled A and B, respectively, in 
Figure 6.., In reaction A the nitroge1:1 atom of BFO is an 
electrophile while that .of' OQD is a nucl eophile. It 
expected that the same substituent would exert opposite 
effects on the nitrogen atoms involved In these reactions . 
.k.~ electron releasing substi tuent r.~ould r educe the electro-
philici ty of the n.1. trogen atom in reacti.on A wb.ile enhanc-
ing it.s nucleophilicity in reaction B.. Thus a major isomer 
in r9action A would be expected to be a m.inor one i n B, ano. 
Vice VP...,,.,J.. s::::i 
-------- • ..,.;;> f ~ • 
A 
B 
P""" ;;:::N\ 
R ·-1- y...:-- 0 ~i~/ 
. I 
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(XN-OH 
R/ . N-·OH 
:n 
/\./ 
a ; R = OCH3 
b ~ R = CH3 
Figure 6. The BFO and OQD Eeactions 
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RESuLTS AND DISCUSSION 
The starting 5(6)-substituted BFO's (7) were prepared 
ft? 
by hypochlorite oxidation of the corresponding ()-nitroani-
lines (3)).34-36 The condensation of these BFO's with 
,._, 
) 
R 
R 
35 
rv 
(m€thylthio)-2-propano~~7 in ammoniacal methanol furnished 
the desired quinoxaline 1~4-dioxides (~), which crystal-
lized out of the reaction mixture in yields ranging from 50 
to 60%. Their Ilt~r spectral data are summar±zed in Table 1. 
In Order to minimize chances for the loss of minor iso-
mers, careful column chromatography was conducted on the 
mother liquors of these reactions. As a result, additional 
compounds were isolated and characterized by chemical and 
spectral methods (see Experimental). 
Initial elution of· the column with benzene gave benz-
furazan and the starting BFO. Further elution of the column 
With more polar solvents gave additional quinoxaline proqucts 
18 
Table 1 
Chemical Shifts of the 6(7)-Substituted 
Quinoxaline 1,4-Dioxides: * 
o-
' 
R~ +xscH3 
+~ CH ~ 3 . 
o-
8 I b # R,oa 2-SCH~ a, H b H __ c comp 3-CH3 2 6 Hg 
~~a OCH3 , 4 .. 0 2.86 2.,72 8.5 7.32 7.86 
35b CH3 , 2.88 2.72 ./1/ 2.62 8.9 7.63 8.34 
Determined in CDC13 and expressed in ppm downf ield from 
TMS. The expected multiplets with usual ortho, meta, and 
para coupling constants· were observedc 
a singlet, bdoublet ( J = 9 ·Hz, or J = 2 Hz) , Cquartet 
(J = 9 Hz, J = 2 Hz). 
*The assignments of H5 and Hg can be interchanged. 
19 
whose elemental analyses· and mass spectral data showed the 
ioss of sulfur with the incorporation of an additional ni-
trogen in their structures. The nmr spectra confirmed this 
finding as indicated by the disappearance of t he S~-CH3 sig-
nal. (See Table 2). Furthermore, the aromatic region of 
the spectra showed H-5 and H-8 to be in different chemical 
environments, with H~0 5, as expected, . still experiencing the 
deshielding effect of the 4~oxide function and appearing as 
a doublet with an ortho coupling constant, ( J = 9 Hz) •. On 
the other hand, H-8 was shifted upfield and was met~ coupled 
to H-6 (J = 2 Hz). These data strongly suggest structure 
(4'f) f or these compounds. The 2-imino tautomeric form (~1· ) · 
f"",_/ '/\,/ 
seems to be preferred over the 2-amino tautomer (40a ) as in-
/\/ 
dicated by its spectral properties. Differences in the 
chemical shifts of H-5 and H-8 cannot be easiJ~Y explained 
by the 2-,amino structure. 
o-
I XCH3 NH3. R ) 
.~ H . 
' 3 
35· o- a: R = OCH3 
/\..-' 
b: R = CH3 
o- OH " 
' ' ~xN<R,l2 
:;..... +XH R R 
+/ ~ N CH N · H 
I 3 t··· 3. 
40 o- a: R1 = H 41 o-
.a: R=OCH3 
/V 
/\../ b: R1 = CH b: R=CH3 3 
TABLE 2 
Chemical Shifts ~bf Hydroxamic Acid and 
Imino Compounds 
OH 
' R1~~NJ.x 
R(~~~~./'.'. CH3 
H - .. 
5 0 
f 5- l 
R2 ,c5a x,6a,d 1-0Ha~d 3-CH 3a H~ c c Hb H6 H7 { v 8 Comp. # . 5a : Rl' 
-· '""""' 
H 0 7.0-7.2 2.38 8.15 7 .13 -- 6.93 
OCH 3 ,3.83 . 0 7.0-7.2 2 . LU 7 . 36 -- 7 . 04 7. L~ 4 
.36a rl. OCH, 3 ,~.88 
l2. H 
H 0 7.0-7.2 2.41 7.96 7.23 -- 7 . 58 
CH3,2 . 43 0 7.0-7.2 2.43 8.06 
--
7.65 7.65 
.36b (1. CH 3 ,2.45 
< 
l2. H 
:4la OCH 3 ,3.86 H N-H,2.9 7.0 2.50 8.15 7.05 -- 7.58 
t+lb CH 3 ,2.57 H N-H,3.3 7 . 5 2.54 8.31 7.49 8.17 
Determined in DMSO (deuterated) and expressed in ppm downfield from DSS~* The 
usual oritho, meta, and para_ coupling constants were observed & 
a~inglet, bdoublet (J = 9 Hz, or J = 2 Hz), Cquartet (J = 9 Hz, J = 2 Hz) 
dexchanged with D2o. *sodiwn 2 ,2-dimethyl-2-silapentane sulfate 
N 
0 
Furthermore, the ultraviolet maxima of 2-dimethylamino-3-
methylquinoxaline 1,4-dioxide (40b)23 are not observed in 
~ 
the compounds, suggesting preference for the imino struc-
ture. 
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More than one mechanistic pathway can explain the for-
mation of the imino products. Direct ammonolysis of the 
methylthio group in the reaction mixture appeared as the 
most plausible explanation. Indeed, ammonolysis of 7-meth-
oxy-2~methyl-3-(methyl thio )-quinoxaline 1,4-d.ioxide (35a, 
!""'~"" 
R = OCH3) and 2,7-dimethyl-3-(methylthio)~quinoxaline 1,,4-
dioxide (~b, R = cn3 ) under similar conditions to those used 
in the BFO reaction furnished the corresponding 7-methoxy 
and 7-methyl-2-imino compounds (41a and 41b), respect ively . 
./"l_ ~ 
The above finding suggested that base hydrolysis of 3-
(methythio )~· quinoxaline 1, 4-dioxides should proceed to give 
the corresponding hydroxamic acids. This proved to be the 
case and the highly insoluble products were obtai ned in ex-
cellent yields.. The hydroxamic acids whose nmr spectral 
data are summarized in Table 2 were quantitatively esteri-
fied with either diazomethane or dimethyl sulfate to the 
chloroform-soluble methyl esters (37), which were subjected 
·-v 
to nmr analysis. The nmr data for those compounds are in 
Table 3. 
The o-quinone dioxirnes (37) were prepared by reducing 
- /V 
the corresponding 5(6)-substituted BFO's.36,3B Condensation 
of the oximes with pyruvaldehyde proceeded smoothly in aque-
ous medium to give the desired hydroxamic acids in very high 
comp . # R ,6a R 5a 
' 
38a [ 1 · . H OCH 3 ,3.95 
l2. OCH 3 ,3.98 H 
39b ( 1. H CH 3 ,2.50 ( 2. CH , 2. 5 3 H 
TABLE 3 
Chemical Shifts of the 
Hydroxamic Acid Esters 
RI 
R2 
Ha ~ // 
~ 
H 5 
OCH3 i 
~o 
~H3 
l 
o-
3-CH ~a 3'u 1-0CH 5a 3 ' 
J b' : 
5 
2. 5 7 4.18 7. 9 
·2. 53 4.17 s •. so . 
2.53 4.16 8.23 
H c 
6 
6.98 
2.53 4 . 16 8.23 7.2 
8 I c H b 
... H7 8 
7.31 7.61 
--
6.98 
7.2-7.6 7.2-7.6 
7 • L~ 
De termined i n CDC1 3 and expressed in ppm downfield from TM S . The usua l ortho, 
me t a , and para coupling constants were ob s erved ~ 
a b c 
s i nglet, doublet (J = 9 Hz, or J = 2 Hz), quartet (J = 9 Hz, J = 2 Hz) . 
N 
N 
yields. Similarly these were esterified and subjected to 
nmr analysis. 
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The aromatic regions -of the nmr spectra of the hydrox-
amic acid esters (37a and 37b) obtained from BFO reactions 
,.....,,. rJ 
are shown in Figures 7 and 8, respectively. Differences in 
the chemical shifts of the H~5 nuclei, which are doublets 
with meta coupling constants (J = 2 Hz) in one case and 
ortho (J = 9 Hz) in the other, allow the detection of the 
minor isomers. Their percentage is calculated directly 
from the integration spectrum as compared to the remainder 
of the aromatic region. 
In Fi.gure 7, absorptions between 8 . 0 and 8.2 corres-
pond to two superimposed doublets of the H-5 protons in the 
two isomers. The first doublet, (J = 9 Hz), has one leg at 
8.2 and the other is burried under the second H-5 doublet 
(J = 2 Hz) at 8.1. The integration corresponding to one 
leg at 8 G2 is doubled and subtracted. from the total integral 
for that region to obtain the ratios of isomers. The percen-
tages of 7:6 isomers are summarized in Table 4. As was pre~ 
dieted earlier, a major isomer in the BFO reaction became 
the minor one in the OQD reaction. -
Table 4. Percentage~ of 7 to 6 Isomers in the 
Hydroxamic Acid Methyl Esters 
BFO Reaction · (Al OQD Reaction -(B) 
83 17 20 80 
71 29 35 65 
of a Mi x ture 
Esters 
2. 5 
---------·-
o f 6- and 7-Me t hyl 
4.6 
1. 
I ~-------·---·-----; ,_/ 
i / 
1 
' 
I 
H.O 6.0 
Figure 8. Nmr Spectrum of a Mixture of 6 and 7 Methoxy 
Hydroxamic Acid Methyl Esters 
25 
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Cor r ect elemental a.rialyses of t he isomi~ric mixtures prove 
that t he "extra peaks" seen in the nmr spectra are really 
due to isomers rather than i!!lpurities. Pure isomers were ob-
tained by repeated fractional crystallizations of the· iso·-
rneric rnixtures. The nmr spectra of the 7- and 6-methyl iso-
mers are shown in Figure 9 (A and B). Superimposing these 
two spectra produces an nmr spectrum (Figure 9,G) which is 
similar to that obtained for the mixture of the isomers ( se·e 
Figure 7). 
It can be seen from Figure 10 that an electron donat-
i.ng substit-uent would stabilize the resonance form 19a over 
rJ 
19b while an electron wi·thdrawing substituent would hav.e the 
opposite ef feet. Accordingly, the me .. ta-ni·troso group would 
suffer initial nucleophilic attack in the former case while 
the para-nitroso group would be more reactive in ·the lattar. 
Thus, 5(6)-methoxy and 5(6)-methyl BFO would be expected to 
furnish the ?-substituted quinoxal~ne 1,4-dioxides (~) as 
the major isomers and ·the 6-substituted quinoxaline 1,4-diox-
ides (~) as the minor isomers. This is full agreement with 
the experimental results. 
CH ~xcH3 
+.........:: N CH 
I 3 
o-
\_ ~ I 1· I I A 
_,,! jL~ 
.8.o ppm(o) 7.5 
I 
~ B 
Figure 9. Nmr Spectra of Pure 
6- and 7-Methyl Isomers and 
Their Superimposed Spectrum 
7.0 
27 
8.5 ppm(o) 
, 
7.5 
1, 
I ''" /\/I . I \I ' I 
t ,' \,,-" ~. 
8.5 8.o ppm(o) 7.0 
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Figure 10. Substituent Effects on BFO Resonance Structures 
R 
7a 
."\./ / 
19a 
~l 
OH 
' 
R 
N COCH3 
+ b /1"-scH 
I H 3 
o-
l 
o-
1 
~YCH3 
R +~ ~~ SCH 3 
o-
42 
/7._./ 
l 
R 
N=O 
o-
1 
~ye.-·. ·.·H3 +~c ~ - SCH3 
o-
~ 
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An earlier proposa130 suggested initial attack at N-3 
in the most stable form of BFO, whi ch iS'_~ for 5(6)-methoxy 
-BFO, to rationalize the formation of only the 7-isomers. 
Although such a mechanism explains the results obtained from 
the reaction of 5(6)~methoxy BFO, it does not aecomodate 
the data on the 5(6)-methyl compound. A 50:50 mixture of 
6- arid'. 7...;methylquinoxaline 1,4_,dioxide - isomers would be 
expected from the latter BFO since the tautomeric forms 
(j.J- and Lb) were found to be of equal stability .. 29 Thus, 
the present findings can be best interpreted by assuming 
that BF0 1 exp:epienees ~ an initial preferential nucleophilic 
attack at either one of the nitroso groups dictated by the 
electronic effects of the substituent. 
Similar arguments can be used to explain the results 
of the OQD reaction with pyruvaldehyde, if one assumes that 
the more nucleophilic nitrogen preferentially attacks _:_J:he 
more electrophilic aldehyde carbonyl ... 39 The effect of sub- · 
sti tuents on the =:·tautomer forms of OQD (37) is shown i.n ,....,_ 
Figure 11. It can be seen that an electron withdrawing 
group would stabilize form A while an electron donattng 
group would favor form B. In this latter form the :ga:ra ni-
trogen is more nucleophilic than that in the meta position, 
and the product formed should have the substituent in the 
6-posi tion, as was experimentally ascertained (Table ~-)_ -. _ · 
30 
Figure 11. Substituent Effec·ts on OQD .-Resonance Strtfrtures 
~ 
~NOH~ 
R~NO R 
\ 
l 
/" 
. R + 
A B 
NOH 
I 
H 
A is more stable than B when R = electron Withdrawi ng 
B is more stable than A when R = electron donating 
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CONCLUSION 
The results of this work support earlier contentions of 
Muffarij et a132 about the formation of 6- and 7-substituted 
quinoxaline 1,4-dioxide isomers, and are in partial agree-
ment with Durckheimer,33 and Mason and Tennant30 in that 
their quinoxaline 1,4-dioxides obtained correspond to the 
major isomers obtained in the present work. In addition, 
these results indicate that 5(6)-substituents have a direc-
tive effect in both the BFO and OQD reactions, which can 
best be interpreted by assuming that these species are react-
ing in their dinitroso .and nitrosohydroxylamino forms, re-
spectively. 
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EXPERIIVIENTAL 
Melting points were taken on a Thomas~Hoover capillary 
melting point apparatus and are uncorrected .. Uv absorption 
spectra were obtained from a Bausch and Lomb Spectron:Lc 505 
spectrophotometer . with methanol as : ·the __ solvent.. Ir. _absorption 
spectra . ~ .were·."' :; determined on a Beckman IR-,8 spectrophoto-
meter, and all ir samples were prepared as solid dispersions 
in potassium bromide. Nmr spectra were recorded on eithe~ a 
Varian A~60 or Jeelco C-60~HL spectrometer. All nmr data 
can be found in Tables 1-3. · Mass spectra were obtained on 
a Perkin-Elmer RMV-6E or CEC-104 spectrometer. Microanaly-
ses were performed by Micro~.Analysis, Inc., Marshallton, 
Delaware. 
3, 6 ( 7)-Dimethyl-2-{methylthio}~quinoxalin~ '. 1· ;A dioxide 
(35b). 5(6)-Methylbenzofurazan-1~uxide : (4.00 g,' 26~7 rnm.'ol) 
f"'J 
was dissolved in methanol (100 ml), and \methyJ.,thio):-2~propa-
rion~7 ( 2. 40 g, 23. 1 'rnmol) was added. Ammonia gas was then 
bubbled into this mixture ·for five minutes. The reaction 
mixture was allowed to stand overnight, and the product cry-
stallized out. The crystals were filtered off and washed 
with methanol, a..YJ.d dr±ed ( 1 . 10 g) . The reaction mixture was 
then evaporated to dryness and the residue (5 g) was column 
chromatographed on silica gel (150 g). Elution with chloro-
form (700 ml) gave additional product (1.30 g); overall 
• l I Of Yle_._d, L+5~o. Recrystallization from methax1ol gave the analyt--
ical samT'\1° }-' ~., m.p. 175-177°; uv, nm, 240 (13,500), 261 (10,000), 
293 (8,840), 374 (broad, 7,060); ir, cm-1, 1333, 1300, and 
33 
1030. 
Anal·. Calcd for c11 H12N202S: C, 55 .. 92; H, 5.11; N, 
11.85. Found: C, 56.04; H, 4.92; N, 11.71. 
3,(6)7-Dimethyl-1-hydroxy-2-iminoguinoxaline 4-oxide 
(41b). Further elution of the column (see previous prepara-
/'V 
tion) with 15% methanol in chloroform (600 ml) furnished 
o.216 g, m .. p. 239--240° (dee) .. The compound was synthesized 
directly by adding ammonia gas to a solution of 35b (1.05 g, 
~ 
4.45 mmol) dissolved in methanol (100 ml). The reaction mix-
ture was allowed to stand at room temperature for several 
days (or until TLC (silica gel, 5% methanol in chloroform) 
showed no starting material). Partial evaporation of the 
solvent resulted in crystallization of the product, 0.467 g 
(51%). Recrystalli.zation from water gave the analytical sam--
ple, m.p. 239~241° (dee); uv, nm, 236 (12,700), 266 (29 , 200), 
343 (7,220), 395 (7,550); ir, cm-1 , 3280, 3130 (broad), 1640, 
and 1345 . 
.Anal. Calcd for C1c)H11N302: C, 58.74; H, 5.37; N, 
20.37. Found: C, 58.67; H, 5.38; N, 20.48c. 
6(7)-Methoxy-..3-methyl-2-(metb.ylthi·o-}~quinoxalirie ' 1 ,· 4-di-~ 
oxide (35a). 5(6)-Methoxybenzofurazan-1~oxide (1.3 g, 7.9 
, ,.V 
mmol) was dissolved in methanol (20 ml) by warming. To this 
solution was added (methyl thicrJ.:.:2~propari6ne ( 1 ~ O g, 9. 6 mnr"o1) , 
and then ammonia gas was bubbled into this solution for five 
minutes. The reaction mixture was allowed to stand at room 
temperature overnight. The product was filtered off and 
34 
washed with methanol (-1 .05 g), m.p. ·145- 150°. The mo t h e r 
liquor was evaporated t o dryne s s and the re s idue (1 g) was 
chromatographed on s ilica gel (30 g). Elu ion wi b 1% 
methanol in chloro f or m (175 ml) gave 0. 30 g mor e of t he pro-
duc t which was combined with t he f irst cr op ('1 . ·35 g; 68%), 
and recrystallized from me t hanol, m.p. 1550; uv, nm, 248, 
(13,450), 298 (9,670), 372 (br oad, 5040); ir, cm-1, 1330, 
1302, 1205, 1033, and 828. 
Anal. Calcd fo r C.11 H12N203S: C, 52. 38; H, 4. 76; N, 
11.11. Found: C, 52.02; H, 4.83; N, 11.11. 
1-Hydroxy-2-imino-6 (7)-methoxy- 3-me t hyl guinoxal ine 4-
oxide (4}a). Further elut ion of 'the column (see previous 
pr eparation) wi t h 15% methanol in chlorof or m (125 ml ) fur -
ni~hed 0.046 g (4%) of product , m.p. 253-255° (dee). The 
compound was prepar ed dlrectly by bubbling ammonia int o a 
warm solution of 3:.:>a (0.09·3 g, 0.37 mmo1) in methanol (10 
"1. . 
ml). The st.oppered rni.xt ur e was allowed to stand at room 
t emperat;ure in dar kness.. Af ter one week, t he mixt ure was 
f iltered and the r e sidue was washed wi t h methanol , (0.055 g, 
67%). Recr yst alliza ·ion from water gave t h e analytical 
sample, m.p. 253-25i:: o (dee ); uv, nm, 268 (14,600); ir, cm-1, 
3390-3326, 1626 , 1515 , 1335 , 1264, and 1236; mass sp ectrum, 
m/ e , 221, 188 ( 100%). 
Anal. Calcd f or C10H11N303: C, 54 .29; H, 4.97; N, 
19. 0(). Found: C1, 54. 51 ; H, .5. 23; N, 18. 79 . 
9; 6~Di-Ii1ethv:-=l- and 3; 7-dimethy1~1 .. hyd.roxygu'i nt>xal ine-2-
?5 
gn,e _  4~oxide ( 36b) • Method A - To a su spen s ion of.. 4-~~methyl~ 
o- quinone di oxime ( 16) 08 g, 7. 50 mmol) i n water (35 ml) was 
added 40% aqueous pyruvaldehyde (3.0 ml, 7.5 rnmol). The yel-
l ow suspension immediately changed to a reddi sh-brown color, 
and upon being warmed on a steam bath, the mixt ure returned 
to a yellow color. When cool, the precipit a t e was collected 
(1.4 g), m.p. 214-220° (dee). Recrystallization from t r i-
fluoroacet i c acid/methanol gave the analytical sample (1.28 g, 
83%), m.p. 228.-232° (dee); ir, cm-1, 1667, ·1605, 1323, 1232, 
114-9 , and 958 ; uv, run, 235 (4,740), 260 (5, 820 ), and 316 
(1,210). Nmr analysis showed the pr esence of both the 3,6-
dimethyl and 3,7-dimethyl isomers. 
Anal. Calcd for C10H10N203 : C, 58.26; H, 4.89; N, 
13.58. Found: C, 58.25; H, 5.04; N, 13.32. 
Method B - The product was also prepared by adding 3% 
aqueous potassium hydroxide (60 ml) t o 34b (1.08 g, 4.58 
mmol). The mixture was heated on a steam bath until a solu-
tion formed. The solution was cooled and neutralized with 
concentrated HCl. The precipitate that formed was collected 
by filtration, (0.65 .g, 69%), m.p. 228-230°. Nmr analysis 
showed the presence of both the 3,6-dimethyl and 3,7-di-
met hyl isomers. 
Anal. Calcd f or c10H10N203 : C, 58.26; H, 4.89; N, 
13 . 58. Found : C, 57.95; H, 5.07; N, 13.35. 
1 -Hydroxy-6-methoxy-3-methylguinoxaiine-2-one~4-oxide 
and 1-hydroxy-7-met hoxy-3- methylguinoxaline-2-one- 4-oxide 
36 
- . (36a). Method A - 4-Methoxy-~--benzoquinone dioxime (0.85 g, 
/L/ 
5.0 mmol) was suspended in water (25 ml), and 40% aqueous 
pyrw.raldehyde (2.0 ml, 5.0 mmol) was added. The reaction 
mixture became dark brmm, and upon being warmed on a steam 
bath it tu:r'ned yellow. When cool, the precipitate that 
formed was filtered off (0.88 g, 80%). Recrystallization 
from trifluoroacetic acid/methanol gave the analytical sam-
ple, m. p. 252-255° (dee); _ir, -1 cm , 3125-3077, 1613, 1515 , 
1379, 1242, 1030, and 820; uv, nm, 234 (9160), 254 (7100). 
Nmr analysis showed the presence of both the 6-methoxy and 
7--methoxy isomers. 
Anal. Calcd for c10H10N204: C, 54.06; H, 4.5L~; N, 
12.61. Found: C, 53.78; H, 4.48; N, 12.74. 
Method B - A solution of 34a (2.1 g, 8.4 mrnol) in 2M 
/"1,/ . 
potassium hydroxide ( 60 ml) ·was obtained by heating the sus-· 
pension on a steam bath. The reaction mixture was cooled 
and filtered. To the filtrate was added 6 M HCl until pre-
cipitation was complete. The light tan precipitate was col--
lected and washed with water (1.7 g, 92%), m.p. 210-212° 
(dee); ir, cm-1, 1672, 1616, 1247, 1222, 1152, and 957; uv,. 
nm, 237 (11,400), 264 (11,600), and 347 (4,840). Nmr data 
shovved the presence of both the 6-methoxy and 7-methoxy iso-
mers. 
AiJ.al. " l d ..C' · C H 1'1 ... 0 0 a ..L c J. or , 1 o 101'~ 2 Lt: · C, 54.06; H, 4.54; N, 
1 2.61~ Found: C, 53.99; H, 4G55; N, 12.48. 
3 r ~) · · ' 1 ., ,.. · t f-: · 1 · · L · d ( 39b 1 ) L,J_ o-L i rne -crryJ_- ! - me .i.J.oxyquinoxa_ ine-L'.- one- ~-oxi e \. , . /\_/ 
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Compound 36b ( 0 .. 897 g, 4. 36 rrL.rnol) obtained from method A 
was added to previously purified1+0 dimethyl sulfate (0.60 ml, 
6"2 mmol) dissolved in dry acetone (250 ml). After the addi-
tion of potassium carbonate (0.75 g) the r eaction mixture was 
refluxed overnight. Then the solvent was removed, and the 
residuE; was dissolved in chloroform. To this solution ·was 
added an aqueous solution of potassium carbonate ( ~1 . 0 M), 
and this mixture was stirred overnight. The chloroform par-
tion was separated and dried over anhydrous magnesium sul-
fate, and then treated with activated carbon. Evaporation 
of the chloroform gave a residue (0.736 g), m.p. 146-148°; 
Nmr analysis showed the presence of both the 3,6-dimethyl 
and 3,7-dimethyl isomers (Figure 7) . 
.Anal. Calcd for C ~11 H.12N2o3 : C, 60.21; H, 5. lt6; N, 
12.65e Found: C, 60.19; H, 5.56; N, 12.84. 
The residue was recrystallized three times from chloroform/ 
ether to give the pure 3,6~dimethyl isomer (0.03 g), m.p. 
-'1 
171-173°; ir, cm- 1 , 1658_; 1527; 1333, 1297? 1221, and 964; 
uv, nm, 230 (13,700), 257 (4,720), 299 (3,570), and 355 
( 2, L~30) ~ 
An.al. Calcd for c11 H12N2o3 : C, 60.21; H, 5.1+6; N, 
12.65$ Found: C, 60.09; H, 5.45; N, 12.93. 
;2 2 7-Di.methyl-1-methoxyquinoxal ine-2-one-4-oxide ( ~9~, 2) . 
Compound '36b (0~65 g, 3.2 mrnol) obtained from Method B was 
adde d to dimethyl sulfat e (0~38 ml, 4.0 mmol) in dry acetone 
· (175 ml). After the addition of potassi wn carbonate (0.4 g) 
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t he reaction mixt ure was re.fluxed overnight. Evaporation 
of the solvent l eft a re sidue which was redissolved in chloro-
fo r m, and s tirred with potassium carbonate solution (1.0 M) 
over n ight . The chloroform layer was separated, dried over 
anhydr ous magnesium sulfate and evaporated to dryness to give 
the crude product (0.58 g, 80%), m.p. 149-154°. Nmr analysis 
showed t he presence of both 3,7-dimethyl and 3,6-dimethyl 
i s omers. 
Anal. Calcd for c11 H12N2o3 : C, 60.21; H, 5.46; N, 
12.65. Found: C, 60.12; H, 5-37; N, 12.76. 
The residue was r ecrystallized three times from chloro.form/ 
ether to furnish the pure 3,7-dimethyl isomer (.4 g, 34%), 
m.p. 186-1880; ir, cm-1, 1653, 1600, 1319, 1242, 1202, 1044, 
966 , 810, and 711; uv, nm, 230 (30,000); 256(sh) (17,400), 
and 300 (17,200). 
Anal. Calcd for c11 H12N2o3 : C, 60.21; H, 5.46; N, 
12.65. Found: C, 60.09; H, 5.88; N, 12.47. 
1,6-Dimethoxy-3-methylquinoxaline-2-one-4-oxide (38a,1). 
. =~- - ,.-::>· 
Compound 36a (1.10 g, 4.95 mmol) obtained from Method A was 
added to a solution of diazomethane in ether. After one hour 
of stirring at room temperature complete solution was achi ev-
ed. Excess diazomethane was decpmposed with acetic acid fol-
lowed by neutralization with sodium bicarbonate solution. 
After drying over magnesium sulfate, the solution was filter-
ed and allowed to evaporate giving the crude product (1.0 g, 
94%), m.p. 160° (dee); nmr data indicated the ·presence· of 
39 
both the 1,6-dimethoxy and 1,7-dimethoxy isomers (Figure 8). 
Anal. Calcd _for c11 H12N2o4 : C, 55 .92; H, 5 .12; N, 
11.86. Found: C, 55.87; H, 5.04; N, 11.58. 
Recrystallization with chloroform/ether three t imes gave the 
pure isomer (.104 g, 9.8%), m.p. 183-1850; ir, cm-1, 1645, 
1520, 1332, 1290, 1263, 1235, and 1030, uv, nm, 235 (21,000), 
264 (5,580), and 352 (7,720). 
Anal. Calcd for c11 H12N2o4 : C, 55 .92; H, 5.12; N, 
11 .86. Found: C, 56.07; H, 5.32; N, 11 .63. 
1,7-Dimethoxy-3-methylquinoxaline-2-one-4-oxide (38a,2). 
Compound 36a (1.10 g, 4.95 mmol) obtained £rom method B was 
added to an ice-cold solution of diazomethane in ether. The 
mixture was kept cool and it was stirred for one hour. It 
was then filtered, and the filtrate was washed with sodium 
carbonate, and then dried over magnesium ·sulfate. Both the 
filtrate and precipitate were combined and the solvent was 
evaporated to yield the crude product (0.95 g, 82%), m.p. 
180-1850 (dee); nmr an~lysis showed the presence of both the 
\ . 
1,6-dimethyl and 1,7-dimethyl isomers . 
... 
Anal. Calcd for c11 H12N204: C, 55.92; H, 5.12; N, 
11.86. Found: C, 56.02; H, 5.19; N, 11.56. 
Three recrystallizations from chloroform/ether furnished the 
pure 1,7-dimethyl isomer (0.065 g, 5.6%), m.p. 191-1930; uv, 
nm, 236 (28,900), 264 (5,580), and 352 (7,720); ir, cm-1 ; 
1653, 1608, 1333, 1238, 1190, 1099, 971, and- 853. 
Anal. Calcd for c11 H12N204: C, 55.92; H, 5.12; N, 
11.86. Found: C, 56.16; H, 5.11; N, 11.51. 
Li. 
' € 
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